In this paper we discuss the technical possibilities of cloud-based virtual reality (cloud-based VR) computing tools for online collaboration in urban planning and design. We first create a digital asset representing our design proposal of a pedestrian bridge in Shibuya, Tokyo. A platform for cloud-based VR technology, i.e., a VR-Cloud server, is used to open the VR dataset to public collaboration over the Internet. The digital asset representing the design scheme of our pedestrian bridge includes buildings, roads, trees and street furniture for the entire urban area. The vehicles and people are designed and inputted into the virtual world of the urban area, in which they run and walk with predefined behaviour scenarios. Users share the VR world by accessing the VRCloud servers from remote clients, using cloud communication software to review vehicle and pedestrian crowd simulations and discuss the design concepts. Meanwhile, we compare the advantages and disadvantages of three cloud-based VR tools on their technical support for net collaboration: 1) VR-Cloud; 2) Google Earth; and 3) 3DVIA.
Introduction
In this paper we contribute an application of cloud-based virtual reality (cloud-based VR) for online collaboration in designing a pedestrian bridge in Japan by proposing design alternatives, and understanding and deliberating design concepts through the Internet. Cloud computing is a marketing term for technologies that provide computation, software, and storage services that do not require end-users' knowledge of the physical location and configuration of the system that delivers these services. The underlying concept of cloud computing could be dated back to the 1950s when large-scale mainframe computers became available in academia and corporations. Since 2007, cloud computing has attracted great interest from the information and communication technology field and facilitated numerous industry developments [1] . It was correspondingly defined as a type of parallel and distributed system providing virtualized resources in a pay-as-you-go fashion over the Internet [2] . Cloud computing exhibits the following key characteristic: device and location independence [3] enables users to access systems or an application using a web browser, regardless of their location or what device they are using. As infrastructure is off-site and accessed via the Internet, users can connect from anywhere and anytime for their service. In the case of online collaboration, users can employ cloud-based VR system in a participative process, and the cloud-based VR technology can serve as a software tool for planning to publish design proposals, and for stakeholders to share designs and communicate with each other to reach mutual goals through the Internet.
Cloud computing is divided into multiple service categories, which are data as a service (DaaS), software as a service (SaaS), application programming interfaces as a service (APIaaS) and platform as a service (PaaS). We will introduce how we use SaaS to share design concepts between designers and stakeholders in order to efficiently reach a consensus on project goals. To discover the most suitable platform and software for a variety of users, we will compare relevant differences between software and analyze their technical capabilities and user experience in online collaboration.
Modern researches taking advantage of cloud computing technology are increasingly prevalent in a great range of today's scientific journals. Researchers in information science use the technology to establish sustainable information services [4] . As the utilization of smart phones quickly spread, mobile cloud computing appeared and made a number of applications and services available on mobile devices [5] - [9] , providing improved infrastructure and service for big data collection and research [10] [11] . Driven by its scalability, reduced costs, and easy access, cloud computing is also popular in geoscience research and applications [12] - [14] . In short, cloud computing is popular in various fields of research due to its great potential in sharing resources between local computers with other computing devices over the Internet.
As Couclelis described, urban planning is an increasingly complex endeavor and parties involved should embrace all the help they can get to deal with its complexity [15] . Thus, planning support systems (PSSs) appeared to offer such support. Conventional planning support systems are developed based on an object-oriented approach both in the local environment and the Internet environment. Spatial database systems, such as the geography information system (GIS) and virtual reality (VR), are essential components of planning support systems.
However, PSS databases are usually very big, requiring a high quality PC to run the designed PSS locally. A solution in conventional planning support systems involves saving the database to a local computer for urban management or saving the database to a server site for stakeholders to review. With the advent of cloud computing, there are many possible implementations of this solution. For example, DaaS can be used to share data between designers and planners [16] [17]; SaaS can be used to coordinate designs and communicate between stakeholders [18] and APIaaS can be provided for users to develop planning support tools via the Internet [19] - [22] . Furthermore, it is possible to integrate DaaS, SaaS and APIaaS for collaborative planning [23] [24] or transportation research, such as using cloud computing devices in cars to communicating with the external environments, or with other cars, or both [25] .
Virtual reality programs such as Second Life and Active Worlds show that it is possible to share the virtual world of urban design over the Internet, an important aspect of using VR to support planning. There are already many studies based on VR or 3DGIS. For example, Shen and Kawakami [26] [27] at Kanazawa University in 2010 finished an online visualization tool for Internet-based townscape design and discussed the roles of VRML in design proposals and visualizations of townscape rules. They also reported on research [28] [29] using Google Earth and 3DVIA as a VR system, similar cloud computing SaaS for coordinating and communicating designs.
Contemporary planners who use cloud-based VR technology like Google Earth and 3DVIA will find it easy to change 3D objects to represent alternative designs. Most of the conventional VR tools also provide functionality to exchange 3D datasets rather than editing 3D objects. However, users should develop their own tools in order to realize the possibility of exchanging design alternatives. Cloud-based VR technology provides SaaS for users to employ the tools provided by the service to coordinate and communicate with stakeholders through the Internet. Therefore, SaaS for VR like 3DVIA can provide users the function to edit 3D databases. At the same time, 3D datasets are difficult to edit over the Internet because of the size of the data. Due to this limitation, it is challenging to engineer a VR data or 3D dataset service, e.g. DaaS for designers or stakeholders in PSS to allow collaboration on design concepts with real data, instead of presenting the design schemes. However, it is not necessary for designers and stakeholders to employ cloud-based APIaaS or PaaS to develop any tools for on-field use. In our present work, we will use a cloud-based VR system to provide the SaaS for sharing the virtual world with other users. As a demonstration of collaborative design, users can use the SaaS to review the virtual world by examining the design's alternatives. During this process users can also communicate with each other and finally give feedback to the designers. DaaS, PaaS and APIaaS are not used by professional designers and planners in real-time work; instead it is only used for representation of design alternatives.
The structure of this paper is as follows. In Section 2, we will discuss how to promote the use of a cloudbased VR tool in online collaboration. In Section 3, we will present 3 cloud-based VR tools that allow users to propose and share design alternatives on the Internet for deliberation. In Section 4, we will complete the paper with conclusions and discussions regarding the different types of cloud-based VR tools. Finally, we will discuss future works.
Research Approach
Our research approach is mainly divided into three parts. First, we use cloud-based VR technology to allow users to share a design of a pedestrian bridge with a convential VR database. We will not discuss the details of DaaS, APIaaS, PaaS and SaaS, which are the different services provided by cloud-computing technology. However, we will investigate the collaborative potential of SaaS in implemented with the different cloud-based VR tools presented in this work. We import the bridge design's dataset into three cloud-based VR software systems serving as SaaS (VR-cloud, Google Earth, and 3DVIA) for coordinating and communicating on the design. Second, we will focus on comparing the SaaS provided by the three systems and discuss the applications of cloud computing in design coordination and communication. Finally, we present a conclusion evaluating which SaaS implemented using cloud-based VR tools is most suitable to collaborative urban planning.
Cloud-Based VR in Different Platforms
We use three tools to explore the collaborative potential of cloud-based VR SaaS: 1) VR-Cloud v2.0, VR database created in the format of UC-Win Road Ver.5.02.03 and BIM Software All Plan 2011.
2) Google Earth Version 6. VR database created in the format of Google SketchUp 8 and Google 3D warehouse.
3) 3DVIA. VR database created in the format of 3DVIA player. We then complete a pedestrian bridge design located in Shibuya, Tokyo as a case study, and input the dataset of the our design propose into the three tools. a) VR database and VR representation Design coordination and collaboration between stakeholders via the Internet usually requires a VR database, a VR visualization tool and a means of communication.
DaaS is necessary to maintain a VR database in which user can upload and manage the database. All products we are evaluating, namely VR-Cloud, Google Earth and 3DVIA provide DaaS. In all three implementations, including Google Earth, the VR database is a file saved on a remote VR-Cloud server where the design can be reviewed. 3DVIA provides the possibility to upload 3D objects requires users to compile all 3D objects into one file for upload as well.
As SaaS, only 3DVIA products can provide functionality for editing 3D objects as a software service of its cloud-based VR system. There are no such editing functions in the platforms of Google Earth and VR-Cloud. While Google Earth and VR-Cloud can be downloaded and installed as local software for VR representation, 3DVIA is a HTML-based web application accessed via HTTP. Any end user can upload data from remote clients to the VR dataset server if using the Google Earth or 3DVIA platforms. But VR-cloud only permits developers to manage the VR database from the back-end server side. b) VR collaboration To our knowledge, there are no software tools combining all functions of VR and communication into one platform. As an alternative solution for such a platform, we paired VR-Cloud, a product of FORUM8 Inc. and QQ, a product of Tencent Inc. to match the requirements of our present study. VR-Cloud is employed as a cloud-based VR tool for visualizing the design alternatives and QQ is used as a communication tool between collaborators. QQ can be used for sharing online group discussions between multiple members during a meeting. QQ's multi-user video chat tool and remote client access tool will be used for reviewing designs. Other voice chat applications with photo and video sharing such as those developed by WEIXIN can be used too. Using the combination of these tools allow us to collaborate online and reach mutual goals on all the details of our urban design. Like VR-Cloud, 3DVIA and Google Earth also do not provide integrated communication tools.
For coordinating and communicating on urban designs, it is a great advantage if screen sharing is enabled or avatars can communicate peer-to-peer in the virtual world to confirm the design on the same area. VR-Cloud enables users to share their screens with collaborators over the Internet while Google Earth and 3DVIA do not enable screen sharing. However, 3DVIA supports Internet avatars representing the real members attending a meeting. Google Earth and VR-Cloud do not support avatars. Therefore, Google Earth, VR-Cloud and 3DVIA
are not yet perfect products in terms of cloud-based VR tools for collaboration.
As we compare the collaborative SaaS functionalities provided by these three software tools, we emphasize several points: VR representation and visualization, and VR communication in multi-user environments. To investigate the potential cloud-based VR technologies have in the collaborative process of urban planning and design, we will take into account the strength of their VR representation and communication tools. However, the three software tools presented here have no strong functionality in peer-to-peer communication in multi-user environments. We will now compare the advantages and disadvantages of these three software tools.
VR Representation and Communication as SaaS of the Three Tools
The three tools actually use the same VR dataset created by Google SketchUp (Figure 1) , converted into the suitable format for each tool. In this section, we will discuss the differences in the SaaS implemented by the three tools. 
VR-Cloud
Like Google Earth and 3DVIA, VR-Cloud makes it possible to share its VR services with the world via the Internet. Specifically, clients communicate with its web servers via using conventional HTTP. Unlike Google Earth and 3DVIA, VR-Cloud does not implement true cloud servers-its application server cluster is accessed via specified static IP addresses respectively.
Even though the underlying dataset used in the three platforms is the same, we prepared an independent database compatible with VR-Cloud. Google Earth and 3DVIA use 3D warehouses to support their VR worlds. Importantly, Google Earth provides a unique virtual globe, making it much more convenient for its users to access the urban planning in other cities of the world by comparison.
As shown in Figures 2-4 , VR-Cloud provides a comprehensive software service to support urban planning and design. In Figure 2 , a user can share the screen and control the virtual perspective with other users in order to collaborate on specific location planning issues. Users of Google Earth and 3DVIA are not able to share the screen in remote planning meetings. In Figure 3 , navigation functions are available to the user to control important traffic routes. VR-Cloud allows users to program specific simulated behaviors of individuals and cars in the virtual world. Traffic and ambient noise can also be simulated when users experience the VR world through different perspectives (Figure 4) .
As mentioned above, the underlying VR dataset is the same in all three platforms. As demonstrated by Figures 2-4 , VR-Cloud provides comprehensive functionality for navigating virtual worlds and simulating traffic. Meanwhile, Google Earth is designed as a virtual globe, using a technology called 3DGIS that contains geosurface and 3D structure databases. In the next section, we will focus on the SaaS functionality of Google Earth.
Google Earth
We used Google SketchUp to export the VR dataset into the KMZ format compatible with Google Earth. Google Earth, is already widely popular as free virtual globe software with users in the world. It is very convenient for users of Google Earth to share urban plans and designs with other users around the world, taking advantage of the virtual globe such that users can experience the dataset in the context of the entire virtual Earth as shown in Figure 5 .
Google Earth provides some elaborate tools for experiencing its VR world. However, our objective is to be able to present design alternatives and it is currently impossible for the user to go through Google's Street View function to check the townscape prepared in the Google Earth. For now, users have to use the layer control to show and close design alternatives on the map view as shown in Figure 6 . Google Earth lacks support for simulating traffic, and it is difficult to support an avatar system using the current version of Google Earth. Users should ultimately set up another server to support an avatar system It is important to note the pricing models of each software platform. VR-Cloud's cloud server software is commercially licensed, but its client interface is free to use by all viewers. Most Google Earth users interface with the free version, but the commercial Pro version of its cloud software offers essential planning tools absent from the free version. 3DVIA also offers a free version of its VR-Cloud server software and if users would like to use the full functionality of 3DVIA, it is necessary to pay.
3DVIA
Unlike VR-Cloud and Google Earth, 3DVIA requires users to upload their models into its 3D warehouse. As show in Figure 7 , it is possible to upload the models for the pedestrian bridge, buildings, and street furniture separately. However, it is also possible to upload the entire dataset to the 3D warehouse as one file.
Another difference between 3DVIA and the previous tools is that we can manipulate the layout of the bridge, street furniture, and buildings as shown Figure 8 . Planners and designers can simultaneously adjust the design within the virtual world, which is an amazing feature of 3DVIA's cloud software service. In Figure 8 , the user is locating a car. However, there are no programmable scenarios that can define the behaviors of cars like the function present in VR-Cloud. In 3DVIA, only the avatars representing real users will move around the virtual world for reviewing the design. It is possible for avatars to share the virtual world communicate through an Internet chat tool as shown as Figure 9 . Despite its great collaboration features, 3DVIA is weak in processing large datasets. Finally, we will summarize the differences between the VR-Cloud, Google Earth, and 3DVIA in Table 1 . All three tools have a plenty of functionality in VR representation and visualization, VR-Cloud is strong in simulating behaviors of people and cars. Google Earth provides a strong planning experience in the context of a virtual Earth. 3DVIA provides convenience for user to adjust designs within the virtual world and communicate with other users over the Internet.
Conclusions
In this paper, we compared the functionality of cloud-based VR SaaS to propose and collaborate on design alternatives of a pedestrian bridge. In conclusion, cloud-based VR technology does support conventional design coordination and communication from a technical standpoint. In our study, we comprehensively evaluated the features of three tools: VR-Cloud, Google Earth and 3DVIA. 3DVIA is one kind of platform in supporting urban design and planning through virtual reality using cloud servers. Google Earth and VR-Cloud are strong platforms for users to share an accurate virtual globe representative of the real world or a programmed virtual environment, respectively. It is impossible to compare all tools of interest in this field. For example, we do not take an on-line game engine like Unity3D as a case study. However, to further investigate the technical possibilities of effective communication and evaluation in urban planning using cloud-computing technology, we will evaluate on-line game engines in future research.
